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Frameworks for computational medical device design Q> Lero rermssoimse
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Open science advocacy 62 Lero usmisginee

Co-founder and Associate Editor in Chief

Academic Editor
The Journal of Open Source Software (JOSS)
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https://journals.plos.org/plosone/
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Open for Science

e Why do we need open science?
e WHhy is open science good for my career?

e How to be an open scientist?
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Notes

e |am likely behind on the latest developments
e For the purposes of this talk open science = open scholarship

e | offer arecommended approach and some recommended tools. There are lots

of resources and other tools available. Have a look yourself too.

e Although | comment on licenses, | am not a lawyer and not an expert on them!

Always study licenses and their implications carefully!

@ kevin.moerman@nuigalway.ie ’ @KMMoerman o @Kevin-Mattheus-Moerman



mailto:kevin.moerman@nuigalway.ie
https://twitter.com/KMMoerman
https://github.com/Kevin-Mattheus-Moerman

The definition of “science” @ Lero ressseme

o7 P > .
r. s Science
(7 Q W From Wikipedia, the free encyclopedia
L % This article is about a branch of knowledge. For other uses, see Science (disambiguation).
N .
-3
N

Science (from the Latin word scientia, meaning "knowledge")[1! is a systematic enterprise that
W IKIPEDIA builds and organizes knowledge in the form of testable explanations and predictions about the
The Free Encyclopedia = universe.[21314]

https://en.wikipedia.org/wiki/Science
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The definition of “science” @ Lero ressseme

e Builds and organizes knowledge in the form of testable explanations/predictions
e In other words:
o Generating knowledge

o Communicating and sharing that knowledge

o Testable, reproducible, verifiable

a kevin.moerman@nuigalway.ie , @KMMoerman o @Kevin-Mattheus-Moerman



mailto:kevin.moerman@nuigalway.ie
https://twitter.com/KMMoerman
https://github.com/Kevin-Mattheus-Moerman

Science and “organizing knowledge” & Lero wasmieme

_The History of the model
is that publishing scientific
manuscripts was...

...expensive,

If you wanted your article distributed
widely, you sent it to a journal.

emall this comic
to a friend!
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https://www.opensocietyfoundations.org/explainers/what-open-access
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Science and “organizing knowledge” & Lero wasmieme

They would manage the review
process revisions and eventually
something would get accepted...

..and they handled
The Ty esefh ng
prmeg a
dlsTrlbuhon of
scientific wor'

https://www.opensocietyfoundations.org/explainers/what-open-access
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Science and “organizing knowledge” & Lero wzmremme

-~
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.

And it worked!
Science progressed

What’'s changed is

two things:
T . Price
Digitization ': /\7 . InCrenses

https://www.opensocietyfoundations.org/explainers/what-open-access
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Science and “organizing knowledge” & Lero wasmieme
Price InCreases
B 2607

Research has shown \
Journal dm;#es ave
outpace lation b

over 250% over The
past thirty years.

2

A

- 6%7%
rce %laﬁg‘esd

1426 2.003

https://www.opensocietyfoundations.org/explainers/what-open-access
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Science and “organizing knowledge” & Lero wzmremme

IT doesn’t make sense in 3

terms of what science is
The_journals
the material... Science is a

dnscoverm new

P '495

g
Ty S oo et

write papel"S. e reviewers! and they d\t_O\'s

T % em p\oy

https://www.opensocietyfoundations.org/explainers/what-open-access
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Science and “organizing knowledge G2 Lero s
Tax payers -> government -> funding agencies -> scientists -> journals -> paywalled

| was vp at 3am, in
the HggPl nex'r

fo my wi e..
Mike T@ylor =+ == @@ @MikeTaylor - Feb 23,2016 o
SUI"FI the web L, Replying to @MikeTaylor
'rhe

@MikeTaylor @ernestopriego @CharlesOppenh That said, for many
classes of users (e.g. patients with rare diseases) this is a huge +ve

mreless lnTerneT

step.
TTYI > # " Ernesto Priego &

|n orma T 7 1S 2 @ernestopriego
2 %ﬁe | ¢ ‘ @MikeTaylor @CharlesOppenh yeah. | sat by my father's

hospital bed trying unsuccessfully to get access to
paywalled medical research.
a?d I COUld_lP'T [ 8:41 AM - Feb 23,2016 ®
access 70
Papers.’ V)] QO 2 (& Copy link to Tweet

https://whoneedsaccess.org/

https://www.opensocietyfoundations.org/explainers/what-open-access
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Science and “organizing knowledge” & Lero wsssame
e Licenses set permissions for use and
re-use

e Standardized and open API's enable
data mining

e Enabling data mining is very
important e.qg. drug discovery

N N-N RN W
EREENERN

WWW, PHRLOMILS. COM

https://www.opensocietyfoundations.org/explainers/what-open-access
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TYPES OF SCIENTIFIC PAPER

UE PUT A CAMERA
SOMEWHERE NEW

HEY, I FOUND A TROVE
OF OLD RECORDS! THEY
DON'T TURN OUT To BE
PARTICULARLY USEFUL,
BUT STILL, ool

—=L|

MY COLLEAGUE 15
WRONG AND T CAN
FINALLY PROVE IT

e

LAST 10 YEARS

THE IMMUNE SYSTEM WE FIGURED OUT HOW \HAT ARE. FISH EVEN
IS AT IT AGAIN o MAKE THIS EXOTIC DOING DOWN THERE.
MATERIAL, 50 EMAIL —
VS IF YOU NEED SOME ==
THIS TASK T HAD TO DO | | HEY, AT LEAST WE CHECK OUT THIS WEIRD
ANYWAY TURNED OUT SHOWED THAT THIS THING ONE OF US SAW
To BE HARD ENOUGH METHOD CAN PRODUCE WHILE OUT FOR A WALK
FOR ITS OWN PAPER RESULTS! THAT'S NOT ——
- NOTHING, RIGHT?
WE ARE 500 SCIENTISTS SOME. THOUGHTS ON WE SCANNED SOME
AND HERE'S WHAT WEVE HOW EVERYONE ELSE. UNDERGRADUATES
BEEN UP TO fOR THE 15 BAD AT RESEARCH ————
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<~  Tweet

Andrew Barnas
@AndrewBarnas

| fixed the "Types of Scientific Paper" meme.

TYPES OF SCIENTIFIC PAPER
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Y

# iy g

| SCI-HUB -

...to remove all barriers in the way of science

S it gl P TN T W Sor—"

% £ - 5 B ok

https://en.wikipedia.org/wiki/Alexandra_Elbakyan

https://sci-hub.st/
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Who:'s downloading _pirated_papers?

EVERYONE

In rich and poor countries, researchers turn to the Sci-Hub'Website.

https://www.sciencemag.org/news/2016/04/whos-downloading-pirated-papers-everyone

Looking into Pandora's Box: The Content of Sci-Hub and its Usage
https://doi.org/10.12688/f1000research.11366.1
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Open for Science?

kevin.moerman@nuigalway.ie
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As early as 2010, “Elsevier’s scientific publishing arm reported profits
of £724 million on just over £2 billion in revenue. That is a 36% profit
margin—higher than Apple, Google, or Amazon posted that year”

J AMERICAN mB' 2
=8 socieTy For
MICROBIOLOGY

What Is the Price of Science?

James C. Alwine,>P Lynn W. Enquist,© (© Terence S. Dermody,¢f Felicia Goodrum®¢

https://doi.org/10.1128/mBi0.00117-21
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Open for Science?

P3AY

The Busin

¥ V' e

SEVIER

El

SPRINGER
NATURE

©SAGE

Publishing

https://paywallthemovie.com/
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Science and “organizing knowledge” & Lero wasmieme

e Most people cannot access academic papers
e Rights are often restricted so content cannot freely be re-used
e Data mining often hindered

e Paper often the only published output -> not reproducible

o Data, code, designs mostly not available
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The definition of “science” & Lero e

e Builds and organizes knowledge in the form of testable explanations/predictions

e Inother words:

x o Generating knowledge

x o Communicating and sharing that knowledge
x o Testable, reproducible, verifiable
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The definition of “open science”

Journal of Business Research =
Volume 88, July 2018, Pages 428-436

Open Science now: A systematic literature review
for an integrated definition

Ruben Vicente-Saez A &, Clara Martinez-Fuentes &

Show more

+ Add to Mendeley o2 Share ®3 Cite

https://doi.org/10.1016/j.jbusres.2017.12.043 Get rights and content

a kevin.moerman@nuigalway.ie ’ @KMMoerman

PDF purchase options

Academic and personal

Access this PDF via our secure
checkout for the next 48hrs if you
are making the purchase on behalf
of an academic organization or want
this for personal use not associated
with a corporation. Find out more

about purchasing.

$35.95 (for academic use)

Price shown is US Dollars.

Local taxes may apply.

Purchase PDF

& ler

THE IRISH SOFTWARE
RESEARCH CENTRE

o @Kevin-Mattheus-Moerman



mailto:kevin.moerman@nuigalway.ie
https://twitter.com/KMMoerman
https://github.com/Kevin-Mattheus-Moerman

The definition of “open science” 6 Lero msammgme

“Open science describes the practice of carrying out scientific research in a
completely transparent manner, and making the results of that research
available to everyone.

Isn’t that just ‘science’? ”

Comment Open Access

When will 'open science' become simply 'science'?

Mick Watson

Genome Biology 2015 16:101
https://doi.org/10.1186/s13059-015-0669-2 = © Watson; licensee BioMed Central. 2015
Published: 19 May 2015

https://doi.org/10.1186/s13059-015-0669-2
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Open C Omfemf Opem Data
- Open Research
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What iS Open SCience? G2 Lero essscime

e Open access

e Open source software

e Open hardware |

i

(¢
(o}
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The definition of “open science” = proper/actual science & leronsmyems

e Builds and organizes knowledge in the form of testable explanations/predictions

e Inother words:

Jo Generating knowledge

s/o Communicating and sharing that knowledge
s/o Testable, reproducible, verifiable
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Why is open science important?

e How to improve reproducibility in science?
e How to speed up science?

e How to ensure global access to knowledge without barriers

Choose one:
.\ Hide/lock away content
J Openly share all content

kevin.moerman@nuigalway.ie W @KMMoerman ) @«evin-Mattheus-Moerman
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Why is open science important?

e How to improve quality of+access to
education?

e How can we speed up health research?
e How can we speed up food research?

e How can we speed up climate research?
e How can we improve climate awareness?

e How can we improve general scientific
literacy and decision making?

e How can we improve trust in science?!!

Choose one:
.\ Hide/lock away content
d Openly share all content
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NO \
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.
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@ e

https://sdgs.un.org/qoals

kevin.moerman@nuigalway.ie y @KMMoerman
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Why is opén science important G2 Lero msssme

More exposure for Fes
your work
Researchers in Practitioners can
developing countries apply your findings

can see your work

T
T

in;
T
T
I
1
1T

INEE)

Higher citation rates
Taxpayers get value

for money

L. 5h

Compliant with grant e @9 Your research can
rules Influence policy

The public can access http://whyopenresearch.org/

your findings

CC-BY Danny Kingsley & Sarah Brown
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More difficult questions?
e Does open science promote innovation?
e Does open science conflict with patents and commercial deployment?
e Can patenting hinder science?
e Could “open patents” and “open innovation” work?

e What are viable business models for open source/open science?

@ kevin.moerman@nuigalway.ie ’ @KMMoerman o @Kevin-Mattheus-Moerman
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Open for Science?

How to become an open scientist

e Ensure open access to papers
o Publish open access
o Share pre-prints

e FAIR-ify all research outputs
o code

data

hardware

|
\ ;

e Make your work Fully reproducible
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Ensure open access to papers

Some confusing terminology

e Preprint
o Version before peer review
o AKA author submitted version

e Postprint

o Version after peer review

o AKA Author-accepted manuscript (AAM)
o AKA Version of Record (VoR)
O

AAKA (Annoyingly Also Known As) preprint...

e “e-print”

o Version after peer review

o Features journal branding/logo/typesetting
o AKA journal published version
O

AAKA (Annoyingly Also Known As) preprint...

E kevin.moerman@nuigalway.ie

W @KMMoerman

Rounds of drafting
& informal feedback

Preprint
Work in progress
Submitted version
Submitted to journal
Peer review
Author corrections
Postprint
Author-accepted
manuscript (AAM)
Copy-edited
Typeset
Formatted
Published
Version of record
PDF / HTML / XML

DOI from journal

@ lero

RESEARCH CENTRE

Can always be shared in
a green OA repository at
any time

Can always be shared in
a green OA repository
after accepted by
journal (sometimes
after embargo)

Can usually only be
shared if published by a
gold OA or hybrid
journal

0 @Kevin-Mattheus-Moerman
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Ensure open access to papers

Some more confusing things
e preprints can be viewed as “published”
e preprints can be peer-reviewed prior to journal submission

e "Post-publication peer review” is a thing
1) Editors do basic check
2) Work is published rapidly (preprint-ish)
3) Several iterations of review and updated versions
4) Final version is labelled as accepted

e Examples:
o F1000 research https://f1000research.com/
o Wellcome trust journal https://wellcomeopenresearch.org/
o HORIZON 2020 journal https://open-research-europe.ec.europa.

fb Lero persysormwase
Re\ﬂew

COMMONS
ABOUT ~ EDITORS&BOARD ~ GUIDELINES ~ FREQUENTLY ASKED QUESTIONS ~ SUBMIT

Independent peer review before journal submission

SUBMIT

See the latest Refereed Preprints

REVIEW COMMONS

will empower authors by providing them with a Refereed Preprint and facilitating its
submission to affiliate journals.

AFFILIATE JOURNALS
::::::’ vt H EMBO
e Ca Aice K& elLife reports
MBoC 2JCB=  @BoogyOpen  @Development  (@D5caselodes (@ et
G PLOS |rmocens G PLOS |sioroer  GPLOS |tz G PLOS |eenenics @PLOS|ONE

hitps://www.reviewcommons.org/

eu/
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Ensure open access to papers 67 Lero wesmsms:

Types of open access articles

® Pre-print — a manuscript draft that has not yet been subject to formal peer review, distributed to receive early feedback on research from peers.

® Post-print — a manuscript draft after it has been peer reviewed.

® Accepted author manuscript (AAM) — the version of a manuscript that has been accepted by a publisher for publication.

® Version of Record (VOR) - the final version of a manuscript, after peer review and processing by a publishers.

® Eprint — a digital version of a research document available online for a repository.

® Hybrid — a type of journal in which certain articles are made open access for typically a significantly higher price (relative to full OA journals), while
others remain toll access.

® Green OA — making a version of the manuscript freely available in a repository.

® Gold OA — making the final version of manuscript freely available immediately upon publication by the publisher.

® Gratis OA — the paper is available to read free-of-charge, though its reuse is still restricted, for example by ‘All Rights Reserved’ copyright._(source)

® Libre OA - the paper is made available under an open licence, allowing it to be shared and reused, depending on which licence is used. (source)

(Libre and Gratis refer to copyright and licensing restrictions)

® Diamond OA - a form of gold open access in which there is no author fee (APC).

http://www.oaacademy.org/types-of-open-access.html
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How about those predatory “open access” journals? G2 Lero usumimeie
e Check the Directory of open access journals (DOAJ): https://doaj.org/

e The DOAJis an independent “community-curated online directory that indexes and
provides access to high quality, open access, peer-reviewed journals.”

e Askyour librarian

http://www.oaacademy.org/types-of-open-access.html
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Open access over the years 6 Lero usswismmie

FEATURE @ Green

The many colors of open access

- Avariety of business models have evolved to support the Authors or publishers deposit articles
cience 5 € RS 3 ina public repository, where they are
X " e publication of scientific journal articles that are free to read, i
S MO 178y : : : - free to read. But journal embargoes can
- ( l( l]( ( . Vol 371, Issue 6524 O p e n a C C e S S t a ke S ﬂ I g ht and their prevalence differs by field. The Curtin Open delay posting. Numbers shown for green

01 January 2021 Knowledge Initiative performed the analyses using the CrossRef,

Microsoft Academic, and Unpaywall bibliometric databases.

are undercounts because they exclude
articles that were also published in other
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Table of Contents Jeffrey Brainard categories of open access (below).
Print Table of Contents + See all authors and affiliations %if:g;encesfbyl :Iiscipline. o . Artgg:are oiliediia s
- L0 ket o8 Advertising (PDF e higher rate of gold open access in biology may reflect higher ic iblished witha
e 7™ ilapann R ; g (PDF) ; funding levels that cover publication fees. Physics has a long tradition making them immediately free to read.
1Tasii@ Classified (PDF) Science 01 Jan 2021: of posting manuscripts in green open-access repositories. f\UthfIS ?f 'ft‘;F'lUIIODS l)g)'?g‘!y payl
& journals for this service. Gold journals
Masthead (PDF Vol. 371, Issue 6‘524, pp. 16-20 L , ,
(PDF) DOI: 10.1126/science.371.6524.16 C’:f:;”ff s EENNWE  pubishonlygoldartices
uter
| | | % Hybrid
Geglogy : : , Hybrid journals offer gold open-access
" Chemistry ' | | publication but also publish other
A gradual opening Environmental science S | Schckehelutda peyuol ad cxfiine
In 2017, the percentage of new scientific literature published open access surpassed 50% for the first time Economics : | ! OCIRIER ESURSCHROnS:
Decisions by authors, publishers, and research funders have helped drive the growth Engineering ; : ! ® Bronze
Psychology Articles are free to read on publishers’
5 . \ > { websites, but the papers are not licensed
Medicine
| | as open access, allowing publishers to
o Ma.th : ’ place the articles behind paywalls later.
4 ®Green ®Gold @Hybrid @Bronze ® Closed 8 :ﬁ; | ’ Floded
oy ) ) | Journals keep articles behind
g H 2 B B 0 20 40 60 80 100 subscription paywalls.
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E 3 7 i 1 1991 ArXiv.the preprint 4, 2002 The Budapest 6. 2012 Morethan2600 8. 2018 CoditonS
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1 fields, publicly debuts scholarly articles as funders, announces its
§ 2 alowing free online V quires
— — — — — - - readng of manuscr Dl’
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https://doi.org/10.1126/science.371.6524.16
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provide its content
free online, as public
use of the internet
increases

3. 2000 BioMed Centra
the first open-access
for-profit scientific
publisher, starts

pest
calling for research
findngs and data to be
deposited in free, public

5. T 'FF[CS
open-access journals
are launched.

Pe IC/rar |r~slh t
researchers who publisk
findngs funded by US.
grants make them open
access within 12 months
after publication
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Why should you share preprints?

e Enable rapid publication
e Enable open access

e Citation advantage

Biology -36
Philosophy -45
Electrical engineering - 51

Political science

86

Mathematics 91

Computer science 157

Communications studies 200

Medicine 450

Physics/astronomy 580

Agricultural sciences 600

Percent increase in citations with open access

Source: Data from Alma Swan, 2010. Figure produced by E.C. McKiernan (CC BY).

kevin.moerman@nuigalway.ie y @KMMoerman
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Cumulative number of citations per article
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@ ler

Articles published in:
European Physical Jounal C
Journal of High Energy Physics
Nuclear Physics B
Physical Review D
Physics Letters B

Publication date
Submitted to arXiv
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Not submitted to ar.
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http://whyopenresearch.org/visibility

B Studies showing open citation advantage
B Studies showing no open citation advantage

Studies with inconclusive, non-significant
results, etc.

http://sparceurope.org/oaca/
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Why should you share preprints? &2 Lero respeieziue
e preprint and published version seen as “twins”, one being open access version of other
e Open access version offered by search engines
e Citations merged/added up as to a single entity

e Example:

o Publisher version of a paper: https://doi.orqg/10.1016/j.ijsolstr.2020.01.019

o Engineering Archive pre-print: https://engrxiv.org/cfxdr/

o Google scholar search link

Tip, use unpaywall:
http://unpaywall.org/welcome
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Can we trust preprints or are they “non peer reviewed rubbish”? & leroussezme

e Many studies conclude changes after peer review are minimal

e >70% of preprints eventually published

“Strikingly, these studies all have the same conclusion: preprints should be considered valid scientific
contributions that are comparable to the peer-reviewed literature.”

https://www.the-scientist.com/news-opinion/opinion-the-rise-of-preprints-is-no-cause-for-alarm-68667
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Why should you share preprints? 62 Lero rssmseame

e Funding agency recommendations and requirements

“To facilitate prompt dissemination of research findings SFl encourages researchers to deposit preprints ahead of
publication. These should be available under CC-BY licences. To this end SFl recognises preprints as valuable research
outputs (where these are associated with a digital object identifier [DOI]). “

https://www.sfi.ie/funding/sfi-policies-and-quidance/open-research/SFls-Open-Access-Policy-V2.1 18.12.2020.pdf

“Does depositing a preprint make my publication compliant with SFI’s Open Access policy?

No. SFI encourages researchers to publish preprints however SFI’s Open Access policy 2019 requires that the Version of
Record (VoR) or Authors Accepted Manuscript, after peer-review must be made openly available. A preprint would not fulfil
this criterion.”

https://www.sfi.ie/funding/sfi-policies-and-quidance/open-research/Open-Access-FAQs Dec2020-Final-(1).pdf

Science
Foundation
Ireland
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How to share preprints & Lero psmssamue

1.

Make a list check it twice ...
Recommended approach is populate and use your Orcid profile.

Check your rights*, and check those twice too
Check “Sherpa Romeo™: https://v2.sherpa.ac.uk/romeo/

Pick a preprint repository e.g. https://engrxiv.org/ Open Access
see also this list Clinic

Upload to the repository

https://openaccessclinic.github.io/OA_clinic/

Advertise e.g. on social media
Update version on the repository e.qg. after peer review

Link “preprint” DOI with published DOI

*http://whyopenresearch.org/control
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Open for Science?

How to become an open scientist

e Ensure open access to papers
o Publish open access
o Share pre-prints

e FAIR-ify all research outputs
o code

data

hardware

|
\ ;

e Make your work Fully reproducible
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FAIR-ify and Share all research outputs & Lero i

E}lable Accessible nteroperable
P e

https://en.wikipedia.org/wiki/FAIR data

eusable

B
99
g

https://www.youtube.com/watch?v=R3Ilu7QIB7Iw
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FAIR-ify all research outputs & Lero sz
What is FAIR DATA?

Data and supplementary materials have

Metadata and data are understandable
sufficiently rich metadata and a unique to humans and machines. Data is

deposited in a trusted repository.
FINDABLE ACCESSIBLE

and persistent identifier.

.0.6.0,.0.0.0.0.0.0.6.0.0.0.0.0
A Ao Aok Aen e mh o ame i Mol Jeh e o2 wa
.9.0.90.0.0.0.0.9.90,0.0-0.0.90.9. 4
L I I L B B B D DL R B B B R B

Metadata use a formal, accessible, Data and collections have a clear

shared, and broadly applicable language usage licenses and provide accurate
information on provenance.

REUSABLE

for knowledge representation.
INTEROPERABLE

https://libereurope.eu/article/fairdataconsultation/
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What dO you mean open? 6 Lero nesssomre

No license = default copy right ©

WARNING et
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Licenses Q@ Lero merssommse

e Text/data/images:

o https://creativecommons.org/licenses/ @Creative
e Data: CommOns

o https://opendatacommons.orqg/
e Software: %
o https://opensource.org/licenses
Open Knowledge ®
Foundation Open Source
Initiative

e Hardware:

o https://www.oshwa.orqg/

o https://cern-ohl.web.cern.ch/

o https://wiki.p2pfoundation.net/Open Hardware Licenses

y OSHWA

OPEN SOURCE HARDWARE ASSOCIATION
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What license to use?

Two main types of license

e Permissive “Whatever”
- Software: MIT, BSD, Apache 2.0
- Content: CCO (public domain), CC BY 4.0

e Copy-Left “Viral”, “Midas touch”
- Software: GNU-GPL
- Content: CC BY-SA 4.0
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Example G Lero remmmcmee

e Source Files with version control on GitHub
o https://qithub.com/3DNIV/3DNIV

e Added licenses for hardware and documentation/images
e Added documentation, contributing guidelines, code of conduct
e Created archived version with DOl on Zenodo (long term stable storage)

e Paper submitted to the journal of open hardware
o Reviewers had full access to all data/files

e Following acceptance update README on GitHub to show archive link and how to cite the work

Tips to make your code citable:
https://quides.qithub.com/activities/citable-code/
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Example

Open source software available with paper

DEMO_volumetric SED_e

This demo wirs developed a3 part of e paper. Moerman ot ol “Novel Myperstastic Modeds for Large Volumetric Deformations™

The Semo features. * IMOMantations of MyPerelistic vomelic SYaln anergy Oensity functions (SEDS) * Visustzations of the SED. ydrostatic stvess,

40 MNGINT &5 8 UNCEON Of T Ykume Fato.

Contonts
® Keywonds
» Pt semege
® Cotret paramenens
© Gl 0r St TOASUMILON SPOCIC AIA AT Par TS

® Caratata SED

e coth

® Evivusts S60

clear; close all; clc;

Plot settings

fontSize=36;
fontSizelnner=fontSize+1s;
fontSizetabelefontSizesd9;
plotColorsegjot(d);
plotColorseplotColors(lil 2 41,:

lineMidthes;
gridalphaes.3
LineMidthaxis.
legendieight=0,05;
nuaXTickses;

Control parameters.

formulationCases=1:12; “Choose formula
kel; faslt bulk

) mane2;

nuaPoints«2008; “Nusber of peints fo
J=linspace(0.1,) max, ousPoints)
xtickRange=linspace (0, max()) nusXTicks)

Get or set formulation specific data and parameters

for formulationCase~formslationCases

E kevin.moerman@nuigalway.ie

.

"

texcept for hyperfosm

me ratios

s tick

range

Moerman_2019_

Novel Hyperelastic Models for Large Volumetric

Deformations

Kevin M. Moe “**, Beborode Foreidoonnerhad®, Patrick McGarny™*

*Natiwwad Useversity of Irefand Galeog. Gudway. |

* Massochusrtts fn of Tecknologs. €

“

States of Amerson

Abstract
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s exllulas solids are capa-
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constitutive formalations have been proposed for deviatoric (shape changing)

avious, fow variatioos exist for lary

ric byperelastic modeds and highlights their limitations for bug

stenins. Bn the socosd] sction

metric behaviows

volumet

valumet ric

valtmet ric

strain energy demsity functions, which: 1) are valid for large volumetric ¢

1 separate conteol of the vol

tric strain stiflening be

for

i

kg (volumme reduction) asd expansion (vdume incress), and

3) provide precise comtrol of Bon-anonotonk ve

tric strain stiffening. To

illastrate the ability of the novel Sormulations to capture cosmplex volumet-

vious they are ftted and compured to a range of publsded

experimental data
Kegword

Enecrgy Density, Shrinkage, Expansion

Hypervlmsticity, Valunwetric Dvformsation, Finite Strain, Strain

wsen: Nevin. moarmantuelgalvay . e (Kevim AL Moo |

JATTick nogaTrySauigaluay . ie (Patzick MeGamy

Prepomnt smbeitind te

W @KMMoerman

Dreember 9,

Wiy

Ler THE IRISH SOFTWARE
RESEARCH CENTRE

o @Kevin-Mattheus-Moerman



mailto:kevin.moerman@nuigalway.ie
https://twitter.com/KMMoerman
https://github.com/Kevin-Mattheus-Moerman

Lero THE IRISH SOFTWARE
RESEARCH CENTRE

Open for Science?

How to become an open scientist

e Ensure open access to papers
o Publish open access
o Share pre-prints

e FAIR-ify all research outputs
o code

data

hardware

|
\ ;

e Make your work Fully reproducible
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Become an open scientist today Gy Lero wssseemee

* Publish open access
OPEN 8 ACCESS D O AJ ?(%%E‘CNLA%I?SESOSF
* Upload pre-prints

SSeng arXiv.org
ARCHIVE http://whyopenresearch.org/

* Share open data, open source code, open hardware

o3: ::3:';.?? P .9.

OPEN SCIENCE

l @ R e More resources:
l 0 X }l”y https://opensciencemooc.eu/

THE PREPRINT SERVER FOR BIOLOGY
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